The present review summarizes the current state-of-the-art imaging in CRC including an overview over recently published national and European guidelines and consensus statements for the clinical management of CRC patients [2] [3] [4] [5] .
Introduction
Different imaging procedures encompassing the whole spectrum of radiological techniques are used in patients suspected or known to suffer from colorectal cancer (CRC). These techniques thus play an important role in primary diagnostics, staging, evaluation of treatment response, follow-up, and even for minimally invasive interventions.
Over the last years, there have been new developments in imaging CRC, including the rapid technological evolution of multidetector helical computed tomography (MDCT), the novel application of CT colonography, improvements in magnetic resonance imaging (MRI) with development of novel sequence techniques, an increasing use of positron emission tomography (PET)-CT, and novel imaging-guided interventional procedures [1] . 
Staging

T Staging of Colon Cancer
For local staging of colon cancer, abdominal CT is widely used and recommended for evaluation of local tumor infiltration [2, 3] . Abdominal CT allows in many cases to differentiate between tumors restricted to the bowel wall and those exceeding the bowel wall, as well as infiltration of adjacent structures [2] . However, CT is limited in detecting T1 stage due to its reduced soft tissue contrast [3] , although in certain cases defining T2 and T3 stages on CT might still be challenging ( fig. 1 ). There is no evidence for an additional diagnostic value of PET-CT in the initial local staging of CRC [2] .
T Staging of Rectal Cancer
Over the past few years, a paradigm shift could be observed concerning the local staging of rectal cancer, leading to the inclusion of MRI in several national and international guidelines. MRI is recommended as the examination of first choice for locoregional staging of rectal cancer [2, 3] ; however, the only exception is that MRI could not reliably differentiate T1 from T2 lesions [10, 11] , although this differentiation might be possible in some certain cases ( fig. 2) . Therefore, endorectal ultrasound (ERUS) is recommended as the first-line diagnostic tool for suspected T1 tumors. In all other cases, MRI is the recommended method of choice.
MRI is especially useful for evaluating the tumor extension into the mesorectal fat and a potential invasion of the mesorectal fascia (MRF) [12] [13] [14] . These considerations are of particular importance for further therapeutic decision making and surgical planning which has led to a subclassification of T3 tumors (table 1) [12, 15] . Especially the distance of the lesion to the MRF has been shown to exhibit an important prognostic value [16] , as an infiltration of the MRF or a distance of the tumor to the MRF of 1 mm (threatened 2 mm) at MRI is associated with a higher risk of local recurrence [2, 5, 17, 18] .
For evaluating the involvement of the MRF, MRI using phasedarray surface coils at 1.5 T or 3.0 T is the method of choice [3] . It is widely recommended to routinely acquire T2-weighted sequences with a slice thickness of 1-3 mm of the primary tumor. The routine use of endorectal filling is not recommended due to the potential reduction of the distance to the MRF [5] but might be helpful in case of known T1 or T2 stage by previous ERUS for tumor detection. ERUS and PET-CT are not accurate in predicting an involvement of the MRF [3, 19] . MDCT might represent an alternative method [20] , although it has a low diagnostic value in low-seated tumors and especially in those located in the low anterior rectal wall [3] .
MRI is also the method of choice for measuring the distance between the anorectal junction and the distal part of the tumor as well as for determining the length of the tumor, and it is reliable in Fig. 1 . CT images illustrating different T stages of colon cancer. A cT2, B cT3, and C cT4. Pericolic tumor extension (T3) can be suggested on CT when the fat planes are blurred (arrow), although this sign is not specific.
Fig. 2. MR images illustrating different T stages of rectal cancer.
A pT1, B cT2, C cT3 (MRF = mesorectal fascia, involvement negative -).
Tumor extension beyond muscularis propria, mm
>6-15 T3d >15 Table 1 . T3 subclassification from the rectal wall into the mesorectal fat [3] assessing sphincter infiltration [3, 21] . Moreover, reasonable accuracy has been demonstrated for the assessment of extramural venous invasion in the preoperative setting using MRI [22] .
N Staging of CRC
Identifying nodal involvement is still a diagnostic dilemma for the radiologist, and all routinely available radiological methods exhibit an unsatisfactory sensitivity and specificity (74-78%) regarding this issue [2, 3] . Similarly, fluorodeoxyglucose (FDG)-PET has shown disappointing results for N staging in CRC [3, 23] .
Size does not represent a reliable criterion for nodal involvement, as on the one hand, there might be reactive lymph node enlargement, and on the other hand, there might be microscopic metastatic involvement in nodes even smaller than 5 mm [2] . More reliable methods for identifying nodal metastases are based on morphological features, e.g. irregularity of the lymph node borders, the presence of a round shape, or signal heterogeneity within the node [3, 24] .
Recently, a novel MRI technique has been introduced which appears very promising for the detection of suspicious lymph nodes. First described by Takahara et al. [25] , the diffusion-weighted imaging with background body signal suppression (DWIBS) technique ( fig. 3) provides functional data about tumor cellularity and appears to be instrumental in the detection of also smaller, at least suspicious lymph nodes [26, 27] . However, future studies will have to show the incremental value of DWIBS regarding the detection of nodal metastases in the setting of CRC.
M Staging of CRC
At the time of the initial diagnosis, distant metastases are present in about 25% of colon cancers and in about 18% of rectal cancers, of which 19% (15%) represent liver metastases and 3% (4%) pulmonary metastases, respectively [2] . Therefore, preoperative M staging is important to rule out distant metastases.
There exists a certain disagreement between different national and international guidelines with respect to the M staging of CRC. The EURECCA colorectal consensus document recommends a contrast-enhanced abdominal CT for primary M staging of CRC and a chest CT as routine workup [3] . Target ultrasound, MRI, or PET-CT represent second-line tools when CT is not unequivocal with respect to liver metastases [3] .
In contrast, the German S3 guideline recommends an abdominal ultrasound and a chest X-ray ( fig. 4A ) as baseline tools for M staging in CRC [2] . A chest CT should be performed in the case of suspected pulmonary metastases ( fig. 4B) . A CT of the abdomen and pelvis is only recommended in the case of unclear findings or if distant metastases or an infiltration into adjacent organs are suspected. [2] . Table 2 summarizes the imaging methods recommended for preoperative staging by the German S3 guideline.
As abdominal CT is routinely performed for locoregional staging of colon cancer, however, the clinical practice somewhat deviates from these recommendations at least in this entity, and it is widely accepted that the major strength of abdominal CT lies in the detection of distant metastases -with a high accuracy of 95% [28] [29] [30] . As MRI is superior to CT for the characterization of liver lesions [3, 31] , it is recommended if unclear liver lesions are detected on CT ( fig. 5) [2, 3] . Diagnostic sensitivity can be further increased when liver-specific contrast agents (e.g. Primovist ® /Eovist ® or MultiHance ® ) are administered [31] .
Imaging-Guided Therapeutic Procedures
Radiofrequency Ablation and Microwave Ablation
Radiofrequency ablation (RFA) and microwave ablation (MWA) represent minimally invasive procedures aimed at destroying tumor cells in the liver by high-frequency or microwave current-induced heating. Under CT guidance, a probe is inserted transcutaneously into the tumor and high-frequency or microwave heating is applied.
This procedure is recommended for CRC patients in whom non-resectable liver metastases are present or in whom the general condition does not allow metastasis resection [2] .
Transarterial Chemoembolization
Transarterial chemoembolization (TACE) is a minimally invasive procedure combining local infusion of chemotherapy or drugeluting beads (e.g. mitomycin C, irinotecan, and cisplatin) with high-dose treatment and/or selective embolization of the feeding arteries of the liver metastasis.
Currently, there are no clearly defined recommendations in the guidelines with respect to the use of TACE in patients with liver metastases of CRC.
Selective Internal Radiation Therapy
Like TACE, selective internal radiation therapy (SIRT) represents a new and developing minimally invasive technique for treating non-resectable liver tumors. It involves a single delivery of 90 yttrium microspheres into the hepatic artery, and potential preferred uptake into liver tumors is achieved due to their predominant hepatic arterial blood supply [32] .
Due to the current lack of larger clinical studies, SIRT is recommended for the treatment of disseminated liver metastases only in those CRC patients lacking alternative therapeutic strategies and only within clinical studies [2] .
Treatment Response Monitoring and Follow-Up
Treatment Response Monitoring
Although CT and MRI can show downsizing of the tumor after radio(chemo)therapy, both methods are not accurate enough to be included in the guidelines for the routine use of local treatment response monitoring [3] . Here, the main source of error represents overstaging due to a potential fibrotic thickening of the bowel wall [3] . Diffusion-weighted MRI, however, has been shown to be sensitive for predicting a pathological complete response [33, 34] , yet its clinical value in this setting remains to be determined.
Nevertheless, CT and MRI play an increasingly important role in the assessment of treatment response in metastatic CRC, especially within clinical trials. In 2000, the Response Evaluation Criteria in Solid Tumors (RECIST 1.0) were proposed for evaluating treatment response [35] , and a revised version was published in 2009 (RECIST 1.1) [36, 37] . These criteria are now routinely used for the evaluation of treatment response in clinical CRC studies, 5 . Liver metastasis: typical appearance on CT and MRI. A Contrast-enhanced CT 60 s after contrast administration shows a small hypodense lesion in liver segment 5 with indistinct margins. B T2-weighted MRI more clearly depicts the same liver lesion as in A, exhibiting a characteristic hyperintense signal. In addition to the CT, there is also a second small liver detectable in liver segment 6. C On dynamic contrastenhanced MRI, both liver lesions show a typical hypointense signal at the portal-venous phase. D MRI after 20 min using the liver-specific contrast agent Primovist ® more clearly depicts both liver metastases. The hypointense signal is more clearly seen due to the improved contrast to the liver parenchyma with Primovist uptake in normal functional hepatocytes. E Both liver metastases show a restricted diffusion pattern on diffusion-weighted imaging.
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Follow-Up
All radiological imaging methods used for staging are principally also applicable to patient follow-up after treatment. There is, however, only poor evidence for a routine use of ultrasound, chest X-ray, CT, MRI, or FDG PET-CT in patients after CRC [2] .
Nevertheless, chest X-ray is recommended for annual follow-up of patients with rectal cancer in stages II and III within the first 5 years after treatment [2] . There is no evidence for routine use of chest X-ray in patients with colon cancer.
The German S3 guidelines recommend abdominal ultrasound for follow-up in order to detect liver metastases, although the authors of this review admit that its routine use is not uncontroversial due to the known varying sensitivity (53-82%) in detecting liver metastases [2, 38] . Since 2013, the American Society of Clinical Oncology (ASCO) recommends an annual abdominal CT for the first 3 years after treatment [39] . However, a routine use of CT for patient follow-up is discussed controversially in the literature. According to the German S3 guidelines, this recommendation is based on sparse data. Thus, the advisory board of the German S3 guideline argues against a routine use of CT for patient follow-up [2] .
In the case of suspected recurrence and unclear findings at CT and/or MRI, further 18 F-FDG PET-CT might be helpful in the detection of local recurrence and metastatic disease. However, 18 F-FDG PET-CT should not be performed within 4 weeks after systemic tumor therapy [2] .
Structured Reporting
Structured radiological reporting for tumor staging and followup is recommended in varying guidelines [2] [3] [4] [5] . However, at least the description of the exact tumor location and length, clinical T stage and any tumor deposits within the mesorectum, involvement of the MRF including the shortest distance (mm) between the tumor and MRF, clinical N stage including any suspicious extramesorectal lymph nodes, and clinical M stage is requested. For surgical planning, further information, e.g. circumferential location of the tumor, might be warranted. Currently, there is a rapidly increasing number of available structured reporting templates, such as www.radreport.org from the RSNA reporting initiative, and modern software solutions to be found ( fig. 6 ).
Conclusions
Radiological imaging plays an important role in primary diagnostics, staging, evaluation of treatment response, follow-up, and even for minimally invasive interventions. CT and MRI are embedded in national and international guidelines and structured reporting is strongly recommended.
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